Breakdown of HeLa cell DNA begins within 90 min after infection with vaccinia virus at a multiplicity of infection of 2-plaque-forming units per cell, and ends about 7.5 hr after infection. HeLa cell DNA is degraded to a uniform size of 1 to 2 X 107 daltons, as judged by alkaline sucrose sedimentation analysis. occurs as an early event in the infection process, and that host-cell DNA does not appear to be reutilized for the synthesis of class I viral DNA.
Vaccinia virus (a DNA virus that replicates in the cytoplasm) inhibits the synthesis of host-cell DNA (1-3). The virions retain this capacity even after ultraviolet irradiation. Hence, the synthesis of viral DNA is not necessary for inhibition of host-cell DNA synthesis (3) . Thus far, two nucleases, an endonuclease and an exonuclease, are among the five enzymatic activities that have been reported to be associated with vaccinia virions (4) (5) (6) (7) (8) . Both nuclease activities are released by treatment with Nonidet (NP40) detergent (6) . Incubation of these activities in vitro with tritium-labeled lambda phage DNA results in formation of mononucleotides at pH 5, or a gradual reduction in the size of lambda DNA at pH 7.5 (7) . The role of these nucleases in vivo is still obscure, but a recent report (9) stating that the virion-associated endonuclease is located within the cell nucleus shortly after infection may pinpoint its site of action. Furthermore, the results of an autoradiographic study were interpreted to suggest that HeLa cell DNA may be degraded and also reutilized for viral DNA synthesis (10) , although other investigators have shown quite clearly that reutilization does not occur under normal conditions (1, 8) .
The present work provides evidence that DNA from HeLa cells is degraded to a limited extent upon infection with vaccinia virus and delineates the kinetics of this host-cell DNA breakdown. We will also show that this breakdown occurs as an early event in the infection process, and that host-cell DNA does not appear to be reutilized for the synthesis of class I viral DNA.
MATERIALS AND METHODS
Cell Culture, Virus, and Mode of Infection. The basic techniques were the same as those described by Oki et al. (8) . HeLa S3 cells and vaccinia virus (WR strain) used in these experiments were shown to be free of mycoplasma by a modified Hayflick method (11) .
Labeling of HeLa Cells. Logarithmic phase HeLa cells (1 to 2 X 105 cells per ml) were cultured in medium composed of Eagle's minimum essential medium for suspension culture, 10% calf serum, 0.1% pluronic F18, and antibiotics (1% of a combination of 5000 units of penicillin and 5 mg of streptomycin per ml) with 0.1 ,uCi/ml of [2-14C] dThd (54 Ci/mol) for 24 hr. Extracellular radioactive dThd was removed by centrifugation of the cells, followed by washing with phosphatebuffered saline (pH 7.3) and a second centrifugation. The pelleted cells were suspended in fresh medium and were grown for at least 2 hr before viral infection.
Labeled Vaccinia Virions were purified essentially as described by Fujiwara and Heidelberger (12) , except that the cell wash and hypotonic solutions used were those described by Dahl Alkaline Sucrose Gradients. A published method (15) was used after modification. 30-ml 5-25% linear alkaline sucrose gradients were prepared containing 1.0 M NaCl, 1 mM EDTA, and 60 mM Na p-aminosalicylate with a final pH of 12.5. Isolated vaccinia virions or 1 to 3 X 105 HeLa cells were lysed for 30 min on top of the gradient, often together with reference bacteriophage T4, in an 0.4-ml layer containing 0.5 M NaOH and 5 mM EDTA. The gradients were centrifuged at 24,500 rpm for 3 hr at 200 in an M-60 International ultracentrifuge with an SB110 rotor. Fractions (about 33) of 0.9 ml were collected from the bottom of the gradients by insertion of a stainless steel tube. Trichloroacetic acid-insoluble material was collected on Gelman Type A glass-fiber filter discs, and the radioactivity was determined by scintillation counting. Recovery of greater than 90% of the radioactivity applied was obtained in these gradients.
Centroids: Calculation of S Value and Molecular Weight.
The molecular weight and sedimentation coefficients for the DNA sedimented in neutral and alkaline sucrose gradients were calculated by the method of Studier (16) . For some experiments, the centroids were calculated for the sedimentation profiles according to the following formula: Centroid = Enifi/Eni where ni is the net level of radioactivity in the ith fractionf.
RESULTS
Kinetics of Breakdown of HeLa Cell DNA in VacciniaInfected Cells. The majority of DNA from uninfected HeLa cells sedimented in a band with its peak at fractions 9-11 of the alkaline sucrose gradients (Fig. 1A and B) . The sedimentation constant calculated for the peak of this band was 155. In cells infected with vaccinia virus for 90 min, the fraction of DNA sedimenting in this region was reduced by half and the quantity of DNA with peaks at about fractions 19 (95 S) and 27 (41 S) increased concomitantly (Fig. 1A) . A progressive time-dependent increase in the fraction of 41S DNA was observed up to 7.5 hr after infection (Fig. 1B) , but the sedimentation profile of DNA from cells infected for 22.5 hr remained the same as at 7.5 hr after infection. No acid-soluble radioactivity was found in infected HeLa cells or medium up to 24 hr after infection (data not shown), thus confirming the findings of Kit and Dubbs (1). Sedimentation of uninfected HeLa cells labeled both with radioactive choline and leucine demonstrated that these precursors were not recovered in the DNA peak.
The centroid value, which includes all the fractions of a sedimentation profile, may be used to express the relative proportions of all species of DNA present (15) . The centroids obtained from three separate experiments are graphed to show that the conversion of the DNA sedimenting at 155 S to DNA sedimenting at 41 S is virtually complete within 8 hr after infection (Fig. 2) .
Effect Fig. 4 suggests that there is little or no reutilization of HeLa DNA by vaccinia virus. In order to test more rigorously whether the observed degradation of HeLa cell DNA was accompanied by its reutilization for viral DNA synthesis, we labeled the cells for 24 hr with 0.1 ,uCi/ml of [14C]dThd. After 24 hr, the cells were washed thoroughly to remove unincorporated radioactive dThd and allowed to grow in fresh medium for 2 hr before infection. Before infection the specific activity of the HeLa cell DNA was 5.3 X 104 dpm/,gg. 22 hr after infection, virions were partially purified from the cells and subsequently lysed and sedimented in neutral and alkaline (19) working with a polyoma virus-infected mouse-embryo cell line demonstrated that degradation of host-cell DNA occurs late in infection and only after its replication. The size of this degraded cellular DNA was reported to be about the same as that of the viral DNA.
Neither the mechanism of host-cell DNA degradation by vaccinia virus nor the significance of the resulting fragments is known. The onset of degradation is correlated in time with the first detectable viral DNA synthesis, and degradation is complete by the time encapsulation of viral DNA commences (2) . Whether or not these correlations in time are coincidental remains to be determined.
It has been demonstrated that vaccinia virus does not reutilize HeLa DNA to synthesize viral DNA under normal conditions (1), although reutilization of host-cell DNA does occur when cells are intranuclearly irradiated with tritiated thymidine and then infected with vaccinia virus (8) . In that special case the extent of reutilization was correlated with the specific radioactivity of the host-cell DNA and the consequent appearance of a DNase with a pH optimum of 9.2 (8) . Other investigators have found that DNA from vaccinia virions has an apparent molecular weight of 1.5 X 108 (19, 20) , to which class I DNA corresponds. Hence class I DNA, which survives DNase treatment of purified vaccinia virions, must be the viral genome. Class II DNA, which does not survive DNase treatment of virions, has not previously been reported. 
